36 5 Vol. 36, No. 5
2005 9 OCFEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2005

pH

TRE IEH B % I B

( 266003)

RAE 2002 4 4 F 27H —5 A 28H KLU 4FtiE B AT EE, 24T T KRG BHE A K
pH BB FRAE, HAXNKIO A EREARER WA BER EE R BEL AN R RZHTT WFPHE
W OEREA AETERH EEHNER MNEEH L) TS, BRAERLA TIRARL, B
HEE MERHL S AR TAEREERAEH R ED FHHH A EMAMKER, @R
% 15400km’, iZ AR AN AL B AOU M7 1. 50mg/ L UL b, SRR H AT ML £, A&
RHEERARGREAE NS BEE BHREAKREX T 2ANEBENAFLCER, K
FEZRENFE RKILE AKBAEE, AV BA T EGZRANE T LT AUE W
JeFA T & RA A REX Y KA A st 25K

BREE, B AKER, R, Ko

P734.2
, 1980
( , 1980) ,
, ( Limeburner e al,
, 1983; , 1988; , 1990; Beardsley e
, , al, 1985;Tian e al, 1993; , 2001;
, ,2001; , 2002)
45%, )
) ( , 2004) )
, ( ; 1
2000; , 2003; , 2003; , 2002 4 27 —55 2
2004; , 2004) (29. 0 —32. O°N, 122. 0 —123. 5E
, 7 2 ( D
, , 20L Niskin
; ( 1/2),
( (DO) pH (POsP NOsN NO>-N NHs+
,2004) , N  SiOsSj) a(Chl. a)
* 973 ,2001CB409703 ,40136020 49976027
,01110 , L2000 E01 R s , = mail: shixy@ ouc. edu. en

:2004-06-12, : 2005 04-16



o 405
(TSP), DO pH Win- s
kler pH ( Fisher Accument 925) ,
GF/F (450°C 4h) , , ,
-207C ,
Technicon AAII (Beardsley et al, 1985)
e Chl. a :
TSP YSI6600 121.]5° 122.9° 122.‘5° 123.9° 123.'5°E
T SpH DO To1C 32.0°
o1 002 0 2mg/L, Winkler
H DO H
P P 31.5°
121.5° 122.0° 122.5° 123.0° 1235°E
\ At A2 -A3 A4
32.0° o e e ° 31.0°
5\ B-6> B.7 B8
o e . . 30.5°
A
\| \\ \\ \:_ Y N
C-9 SUNNE A AR
31.0° o SO 2N s 30.0°
A ()m(\i01n 30m ‘150”‘
| e, ,' P
D14/ DF15 D-16
loa® . 29.5°
ém E o /’ .'" .
E-I8 E-19  E-20
30.0° I . o
S8/ 29.0
'
F/LZ s F-23 F-.24 32.0°
/];/ ,/
YObs G2 G271 G28
29.0° ' [ ® (]
! 31.0° / 1
Fig. 1 Sampling stations and depth :l I ]
2 |
2.1
) 3 30.0°
16.23—20.44C 5.03— .-
34.64 2
2 3 , \
’ 29.0° l\ ,
: 2 2002 (—) (—)
’ Fig.2 Horizontal distributions of Salinity( —) and
> temperature( —) in spring, 2002
, , 2.2



406

36
(}22.0° 122.5° 123.0° .123"5°E N 121.'5° 122.P° 122.?" 123.9° 123.|5°E
B Wi ; % |
40 . -
I :V %) <

NS

31.0°

& E/m

30.0°

29.0°

32.0°

32002 (—) (™
Fig.3 Vertical dstributions of Salinity( —) and 310
temperature( —) in spring, 2002

: 5.14—11 Tmg/L. 2000
(8. 14 1. 06) mg/L., (
,191) (8. 62 20.70) g/ L,
: 11. 17mg/ L
[ (8.22+ 290
0.57) mg/L]. ,
[ (7.53% 4 2002 (—) pH(—)
1.43) mg/ 1], ) Fig.4 Horizontal distributions of DO( —) and
pH(—) in spring, 2002
(5
, C (31°N , 13.0E 30.5°N )
, ) G (29N ), 12.5E 15400kmz, 123.0’E 29.5°N
) 40m s ) 122.5°E,
D (05N ) , 31. N, 10—20m
6. 00mg/L. ( ,
5. l4mg/ L 50—60m | 1989; , 1994)

SOI'H °



5 o 407
122.0° 122.5° 123.0° 123.5°E 900
Oy sl |
9. 00mg/ L, 8. 50mg/L ,
a 9. Olg/ L ,
1.2Ug/ L, pH ,
( 17—
18C) ( 30—33) ,
( , 1993),
( , 2001;
,2004)
, Weiss
(Con) (AOU)(  1)(Riley
d al, 1975), , o
R C o2
5 200 (7)) 100% , 134% ,
Fig. 5 Vertical distribuions of DO( —) and o 80%. 66. 8%
pH in spring, 2002
,AOU
D, 5 , (- 2.83mg/L),
3—29 (29. TN, AOU 1. 50mg/ L
122.5°E), 300 , 2. 55mg/ L,
1500 ; 5 17—19 )
(30.6 —30.8°N, 12.6 —I122. 7N),
1 Ce AOU
Tab. 1 € o2 and AOU in East China Sea
C (%) AOU( mg/L)
tsp +sD
134.0 98.4 107.4%6. 4 0.12 -2.83 - 0.60%0.53
117. 6 94. 1 103.9%5.5 0.45 -1.38 - 0.31%0.43
120. 4 66. 8 95.0%15.6 2.55 -1.66 0.37%1.21
134. 0 66.8 102.2%11.3 2.55 -2.83 - 0.197%0.88
) / )

47



408

36

( Beardsley et dl, 1985)

AOU (R=0.71, P<
0.01), (R= - 0.46, P<
0.1),

s a

a 0. 3Hg/1( 0. 1M/ L
), 0.3—0. 5mg C/(m’*h ")
AOU a

(R= - 0.65,P<0.01), (R=

0.33, P< 0.2) (R=0.32,P<0.2)

(R= 0.38,P<0.2)

’

2.3 pH

2002 pH
: 8.23 %0. 12,

4 5,

50m

2

B

pH

7.99—=R. 48
pH
. pH

(122.5°E
)s pH
(R= 0.6, P< 0.01), pH
(12.5—123. 5E, 31.0 —
32.(N) pH
pH 8. 45 , 8.3
o a 2
(122. 3 —123. ZE, 29. ¥ —30. °N)
pH ( 4, 5, 20m \
pH 8. 05, .
(12.5E, 29.5°N
) a ,
1. 6o/ L, 1. 7Tmg C/(m’*
h™ 1), :
(2 3 ;
pH a

(R=0.73, P< 0. 05),
(R=0.85 P< 0.01),
LAOU (R= 0.75, P< 0.05)
(R=0.70, P< 0. 05) ,

pH
, 6.5 —18.0C
28-33 :
( TSP 50 —200mg/
L, TSP 200—600mg/ L ),
( , 2003) ,

( , 2004)



5 pH 409
2.4
a
© 20 ©
130% ,
( , 1993) ,
’ b
- o
’ i
)
’ E
=
’ Z
, a
)
/ HEERRIX /
2]
’ ’ %If
< 2r
g o O
’ = | 8 O
, © [ wmRE R X
o L®)
5 6 8 9 10 11 12
(R= - 049, P< DOmg L)
0.01), (R= - 0. 60,
P<0.01)( 6a), 6
6 Fig. 6 Relationship of DO vs. salinity, DIN and Chl. a
’ 1 4
(R= - 0.71, P< 0.01),
(
(DIN) (R= - 0.55 P< 0. 01)( ’
6b), : '
a ( 6C) N
a . ’
a s 2 2




410

36

2002 45
\ (5. 14—
(8. 14 X1. 06) mg/L,
(102. 2 £11.3) %, AOU
(- 2.83—2. 55) mg/L \ (- 0.19%

11. 17) mg/L ,

0. 88) mg/ L pH 7.99—8.48
8.23 0. 12,
pH
4 (50 —60m
) :
6. 00mg/ L. 15400km’,
123.0°E 29.5N
20m pH 8.05 pH ,
pH
a , 47
> s , 2004. 2002

,35(4) :323—331 [Wang X L, SunX, HanX R et d,
2003. Comparison in macwnutrient digributions and com-
posiion for high frequency HAB occurrence areas in East
China Sea between summer and spring 2002. Oceanologia et
Limnologia Sinica, 35(4) : 323 —331]

s , ,2004.

,34(6):513—517 [Bai X Y,
BaiM D, L ] B et d, 2004. Treament of red tide wih
hydoxyl radicals in enclosure experiment. Oceanologia et
Limnologia Sinica, 34(2) :513 —517]

> ) , 1988.

. : ,114—116 [Chen J Y,
Chen X L, Yang Q L, 1988. Complete survey report of
Shanghai coastal zone and marine resources. Shanghai sct+
entific & Technical Publishers, 114—116]

s s ,2004. ( Thalassiosira
dporocydus Hasle) ,34(2): 130—137
[Chen SW,Gao Y H,DuH et d, 2003. Firg recarding of
Thalassiosira dp orocyclus bloom in the southeast China sea.
Oceanologia et Limnologia Sinica, 34(2) : 130 —137]

s , ,2003.

. ,34(1):44—49[Su J
Q.ZhengT L,YuZM et al, 2003. Effect of marine bacte-
ria on the growth and PSP Procuction of red- tide dgae.
Oceanologia et Limnologia Sinica, 34(1) : 44 —49]

, 1980. .

,2:70—79 [ Gu H K, 1980. Maximum value of dis-
solved oxygen vertical distribution in Yellow Sea. Adta
Oceanologica Sinica, 2: 70—79]

, 1989.

( ) : 40—50
[Hong J C, 1989. Discussions on frequent occurrence areas
of red tide in Yangse Estuary and adjacent sea area. Jour
nal of Jinan Univemsity ( special issue of Red Tide) : 40—
50]

,1993.

,11(2): 55—061 [ Jiang G C, 1993. The prelim+
nary study on the eutrophication and the red tied in the
south coastal area of Zhejiang. Donghai M arine Science,
11(2):55—61]

s , , 1991.

. , 13(3): 348—355. [ Jiang G C,
Wang Y H, Tang RY, 1991. Vertical distribution and sea-
sonal variation of dissolved oxygen in East China Sea. Acta
Oceanologica Sinica, 13( 3): 348—355]

s s ,2002.

(D ),3(8):686—06H [Li D], ZhangJ, Huang D J
a al,, 2002. QOxygen depleton off the Changjiang ( Yangize



pH 411

River) Fstuary. Science in China ( Series D), 32(8): 86—
694

, , ,2001.

I . s
23(3):57—66 [Pu X M, Wu Y L, Zhang Y S, 2001.
Nutrient limitation of phytoplankton in the Changjiang Estu-
ary II: Condition of nutrient limitation in spring. Acta
Oceanologica Sinica, 23(3):57 —66]

, , 2003.

, 14(7): 1065 —1069 [ Wang J

H, Huang X Q, 2003. Ecological characteristics of Proro-
centrun dentatun and the cause of hammful algal bloom for
mation in China Sea. Chinese Journal of Applied Ecology,
14(7) : 1065 —1069]
, , , 1994.

, 13(5):25—29 [Xu R, Hong J C,
Wang G L, et al. 1994. On red tide in Yangtse Estuary
and adjacent sea area. Marine Science Bulletin, 13(5):
25 —29]

> , ,2001.

,20(3):9—13 [ Yang Q
X, Dong Y J, Jiang Y W et al, 2001. Disributon feature
of dissolved oxygen in Yellow Sea and East China Sea. M a
rine Environmental Science, 20(3) : 9—13]

, 2000. . ,19(2):
86 —89 [ Zhang C X, 2000. Haming prediction and fore-
cast of red tides. Coastal Engineering, 19(2):86—89]

, 1990.

,9(4): 22—26 [ Zhang Z
Q, 1990. On maximum and minimun dissolved oxygen with
bottom layer in Yellow Sea and Noithern East China Sea n
sunmer. Marine Science Bulletin, 9(4) : 22—26]

, ) , 2004.

,35(3):246—
252[Wu Y L, FuY N, Zhang Y S et al, 2003. phyto-

plankton distribution and relation to the mmnoff in the

Changjiang ( Yangzte) Estuary. Oceanologia et Limnologia
Sinica, 246 —252]
> ) . 2004
, 22(2):40—47 [ Zheng J N, Zheng G N,
Huang W L et d, 2004. Influencing factors on harmful a-
gal blooms. Donghai Marine Science, 22(2) : 40—47]
s , , 2003.
, 14(7) : 1031—1038
[Zhou M J, Yan T, Zhou J Z, 2003. Preliminary analysis
of the characteristics of red tide areas in Changjiang River
estuary and its adjacent sea. Chinese Journal of Applied
Ecdogy, 14( 7) : 1031—1038]
s , , 2001.
, 13(2):54—59 [Zhou M J, Zhu M
Y, Zhang J, 2001. Status of harmful algal blooms and re-
lated research activities in China. Chinese Bulletin of Life
Sciences, 13(2) :54 —59]
s , , 2003.
. ,34(1): 50—55 [ Yan
T, Zhou M J, FuM et al, 2003. The preliminary study on
toxiciy of Heterosigma akashiwo and the toxicity source.
Oceanologia et Limnologia Sinica, 34(1) : 50 —55]

Beardsley R C, Limebumer R, Yu H et al, 1985. Discharge of

the Changjiang ( Yangtze Rier) irto the East China Sea.
Cortinental Shelf Research, 4(1/2):57—76

Limeburner R, Beardsley R C, Zhao J, 1983. Water Masses and

Circulation in the East China Sea. P wceedings of Interna
tional symPosium on sedimentation on the continental shel,
with special reference to the East China Sea, APril 12—
16, 1983 Hangzhou, China, Vol. 1. Beijing: China Ocean
Press, 285—294

Riley J P, Skirow G, 1975. Chemical Oceanography, Vol. 2,

2" Edition. London, Academic Press, 1—705

Tian R C, Hu F X, Martin ] M, 1993. Summer nuirient frons

in the Changjiang ( Yangtze River) Estuary. Estuarine,
Coastal and Shelf Science, 37: 27—41



412 36

DISTRIBUTION OF DISSOLVED OXYGEN AND pH IN FREQUENT HAB AREA OF THE
EAST CHINA SEA IN SPRING 2002

SHI Xiae-Yong, WANG XiwLin, LU Rong, SUN Xia
( College f Chemistry and Chemical Engineering, Ocean University f China, Qingdao, 266003)

Abstract This paper introduces the results of the first cruise on China harmful algal blooms (HAB or red tide)
research, one of the national basic research programs of China. The cruise was carried out in Changjiang ( Yangtze
River) River estuary and adjacent areas of the East China Sea, located from 29. 0 —32. 0°N and 122.0° —123. 5
E, onApril 27 to May 2, 2002. Twenty eight survey stations anong 7 sections were implemented during the cruise.
Niskin bottles were used for sampling dissolved oxygen (DO), pH, nutrients and Cht . In the field survey, tem
perature, salinity, the distributions of DO and pH in frequen-HAB area of in the East China Sea were studied, and
the cause of low-oxygen area near the estuary and its link to HAB were also discussed.

The pH values measured in the survey area in April to May, 2002, were in the range of 7.99 to 8. 48, aver
aged at 8.23 F0. 12, lower in coastal area and higher in outside area; while the DO distribution showed an opposite
horizontal trend: higher in coastal area but in outer sea. In overall, DO was oversaturated ranging between 5. 14 and
11. 17mg/L, averaged at (8. 14 1. 06) mg/ L. The apparent oxygen utilization (AQU) was between — 2. 83 and
2.55mg/ L, (- 0.19 0. 88) mg/ L in average. The highest DO area was located in the coastal area form the estu-
ary to Hangzhou Bay in the south, and the DO had negative correlation with salinity and temperature, indicating
some physical processes (such as water runoff) had largely influenced the DO distribution in the area. Generally,
AOU values were positive. demonstrating that organic matter were decomposed strongly and generated considerably
huge oxygen depletion in bottom water. Judging from the relationship of DO and pH wvs. salinity, Ch} ¢ and nutri
ents, biological and chemical processes were more important in distributing the DO in the outer sea than in the costal
area.

Furthemore, the distributions of DO and pH showed similar trends of deaease from surface to bottom, from
north to south in bottom water. A lower-oxygen area of about 10 to 20m in thickness in about 15400 km” occurred in
the spring featured with oxygen depletion in bottom water, southeast part of the survey area, and the outside sea in
50m isobath (50 to 60m in depth), with AOU greater than 1. S0mg/ L. in general. Similarly, there was a lower pH
area in southwest part of survey area, in about 20m in thickness and pH lower than 8. 05, extending from Zhoushan
Islands to the 50m isobath southeastward at bottom. The lowest area of pH was superimposed with low-oxygen area to
some degree. On the other hand, pH positively correlated with Cht+ ¢ and DO, and AOU was positively correlated
with phosphate and silicate. These facts indicate that biological process instead of runoff or outersea water exchange,
was the main controlling factor to pH and DO in middle to bottom water in this area.

Additionally, in lower-oxygen area, biological and chemical processes but runoff or outersea water exchange
were responsible for the DO and pH distributions. Most probably, the oxygen was consumed in the decomposition of
organic matters due to weak water mass exchange. It is believed by the authors that the low- oxygen area was the con
servation pool of sinking organic particles and cyst or inactive cells of the red tide algae. In summer high-water level
period of Changjiang River, particulate organism and cyst or inactive cells in the surface sediment are likely to float
up northward and westward, causing the expansion of low-oxygen area and the DO reduction, under the influence of
Taiwan Worm Current. Furthermore, it is possible that the cyst or inactive cells would move upward to the surface
layer and bloom if the wndition favors.

Key words Dissolved oxygen, Low-oxygen area, the East China Sea, Changjiang ( Yangize) River estuary



